ABSTRACT
tissues (6, 7) . Human SOD is mainly dependent on the metal ions copper and zinc for its catalytic activity (8) and structural stability (9) respectively, and is distributed both in the intracellular and extracellular compartments. Mn-SOD, a manganese dependent form of SOD, is also found but is sequestered within the mitochondria. Although, SOD functions chiefly as an intracellular antioxidant the plasma extracellular SOD levels may be an important sensitive biomarker for age related changes in the antioxidant capacity (10) .
Several studies have indicated an increase in serum TBARS and a decrease in plasma SOD activity signifying an imbalance between the pro-oxidant and anti-oxidant states in the body leading to an imbalance in systemic redox status (5, 11) . On the other hand zinc, which is one of the important cofactors in the human SOD (9) , is also widely distributed for several other functions in the body. The distribution of zinc within the body is chiefly confined in the intracellular sites, where it is utilized for its versatile biological role e.g. in the maintenance of RNA and DNA polymerase activity, maintenance of the cell structure, stabilization of the nucleic acid structure, maintenance of the
INTRODUCTION
Development of cataract in senile age group is supposed to be due to multiple factors. Increased lipid peroxidation due to oxidative stress has been proved to be an important factor of those (1) . Oxidative stress generally causes damage to the membrane polyunsaturated fatty acids (PUFA) leading to generation of malondialdehyde (MDA), a thiobarbituric acid reacting substance(TBARS). Serum TBARS has been well correlated with oxidative stress in tissues in several earlier and recent studies (2) (3) (4) (5) . The superoxide dismutase (SOD), on the other hand, functions mainly as a first order antioxidant enzyme, mainly by neutralizing the effect of superoxide anion which is an important precursor for oxidative stress in the transport process, immunological processes and wound healing etc. (12) . Hence, the amount of zinc present in SOD only, may not reflect the true zinc status of the body. So, although zinc deficiency is related to increased sensitivity to oxidative stress (13) , the zinc concentration in the extracellular compartment e.g. in the plasma or serum may not correlate with the SOD activity, particularly during oxidative stress. Keeping these factors in mind, an effort was made in the present study to assess and analyze the role of serum zinc in the activity of SOD in plasma in the senile cataract patients showing a significant amount of oxidative stress. Serum TBARS concentration and plasma SOD activity were selected as the markers for the oxidative damage and the antioxidant activity respectively. Serum zinc concentration was estimated to analyze its role in the plasma SOD activity as mentioned above.
MATERIALS AND METHODS

Selection of Cases and Controls :
The present study was undertaken as a hospital based case control study carried out in the patients attending as the out door patients in the Department of Ophthalmology of Burdwan Medical College, Burdwan. 30 patients of more than 50 years of age having cataracts were selected in a simple random manner during the period of one year i.e. from November, 2004 to November, 2005. Their mean age + SD was 55 + 5 years. During selection of the cases it was made sure that they were free from any chronic disease or metabolic disorder. 30 controls were selected from the age and sex matched people attending the same OPD with refractive errors, but without any cataract during the same period. The controls were also selected in a simple random manner and were free from any chronic or metabolic diseases at the time of presentation. Both cases and controls were explained fully about the study and written consents were obtained from them.
Sample collection :
From each case and control about 5 ml. of venous blood was collected and separated in two aliquots: 3 ml. in a dry vial without any anticoagulant for obtaining the serum; and 2 ml in a heparin vial for obtaining the plasma. Serum TBARS was measured by its reaction with thiobarbituric acid (14) . Estimation of plasma SOD was done by the method of Kakkar et al (15) . Serum zinc was measured by the method based on the Nitro-PAPS method developed by Akita Abe and Sumiko Yiamashita (16) .
The results obtained were statistically analyzed with the help of SPSS software. Mean values for each of the parameters were compared between cases and controls by Student's 't' test and the level of significance (p value) was obtained. The correlations between different parameters were analyzed by computing the correlation coefficients and the corresponding level of significance. Multiple regression analysis and partial correlation studies were performed to analyze the relative and predictive effect of serum zinc and the plasma SOD activity in development of senile cataract in presence of the oxidative stress.
RESULTS
The results shown in the Table-1 indicated a significant difference between the means of all parameters between cases and controls. Serum TBARS (X 3 ), the marker for the oxidative stress was found to be significantly high in the cases, whereas, the levels of plasma SOD (X 1 ), the marker of the antioxidant activity, with its cofactor zinc (X 2 ), were found to be significantly (p < 0.05) lower in them.
The results of Table-2 revealed a positive correlation between serum zinc and plasma SOD level significant at 5 percent level (p = 0.05) in cases, but no such significant correlation was evident in the control population. On the other hand, a significant negative correlation was found between the serum TBARS and plasma SOD in both cases and controls. Partial correlation studies, as provided in the same Table, indicated further that the correlation between the serum TBARS and serum zinc was insignificant when the effect of SOD was eliminated. But, when the effect of serum zinc was eliminated, the partial correlation between the serum TBARS and plasma SOD became statistically significant ( p<0.05).
In the Table-3, the results of multiple regression analysis have been shown. From the F-value and its corresponding p-value in Table-3 it can be seen that there exists significant linear regression (TBARS = a + b 1 SOD + b 2 Zinc) relationship of TBARS based on plasma SOD and zinc for all cataract, non 
DISCUSSION
Increased generation of the free radicals and decreased antioxidant activity has been proposed to play an important role in cataract formation in senile age group in various earlier and recent studies (17, 18) . Serum TBARS is a measure of systemic oxidative damage. In the present study, the significantly raised level of serum TBARS in cataract patients supported the systemic imbalance of lipid redox status in senile cataract patients. On the other hand, a significant decline in plasma SOD activity (p < 0.001) in them correlated well with the fact that a decrease in antioxidant defense might be responsible for shifting the systemic redox balance towards oxidative stress which might have contributed to formation of senile cataracts. These findings are well supported by some other studies also where a significantly decreased SOD activity was found in senile cataract patients (19) . Generally, an age related decrease in the SOD activity affecting both the cytosolic (5), and extracellular type(10) has been found in several studies including both animals and humans. This decrease might be due to several causes like decreased mRNA levels of the corresponding enzymes (20) , oxidative modification of the enzyme(21) etc. But during the aging process ROS may also lead to induction of antioxidant enzyme activity as an adaptive phenomenon to oxidative stress(21) as it generally does in both prokaryotes and eukaryotes. The rate of SOD biosynthesis in E. coli was, in fact, shown to be dependent on the level of O 2 -. inside the cells; and mutants of E. coli deficient in SOD were found to be exquisitely sensitive to oxygen toxicity. Hence, it can be proposed in the present study that a successfully executed adaptive phenomenon against oxidative stress resulted in higher levels of plasma SOD in the aged control population which might have protected them from the senile cataract. On the contrary, the cases, who suffered from cataract, could not show such an adaptive response to oxidative stress and so, the SOD activity was found to be lowered in them significantly. This could have resulted from either genetic or environmental factors or both. A decreased synthesis of the enzyme itself e.g. due to decreased mRNA levels has been described already in some Statistical analysis was done by using SPSS software.
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aged patients (20) . Oxidative damage of the SOD enzyme itself, leading to its diminished activity due to decreased levels of alpha tocopherols, vitamin A, or ascorbate in the tissues could have been other possible mechanisms for the decreased SOD activity in cataract patients (22, 23) . Several environmental factors like dietary nutrients, alcohol intake, and exposure to other pollutants, as proposed in some earlier studies, might have played important roles in diminishing the levels of above mentioned antioxidant vitamins (22, 24) . Zinc being chiefly an intracellular metal is stored in various intracellular proteins and enzymes, SOD being one of them. Although circulating zinc in plasma and serum often has been shown to indicate human zinc deficiency, it does not always accurately reflect the whole body zinc status (25) . Thus, although zinc is an important element for maintaining the stability of SOD (9), the serum zinc level in normal control population may not be correlated with the plasma SOD level and cannot predict the activity of SOD in them, as found in the present study. But in the senile cataract patients as there is a significant depletion of total body SOD including its concentration in plasma under conditions of oxidative stress, the total body zinc is also depleted which is reflected by a correlated decrease in its serum concentration. On the other hand zinc is not found to be a good predictor of senile cataract as evidenced by the partial correlation study (Table-2 ) and multiple regression analysis (Table-3 ). The results of the partial correlation study showed clearly that when the effect of plasma SOD was eliminated, serum TBARS failed to show any significant relationship with the serum zinc, but when the effect of the serum zinc was eliminated, plasma SOD became significantly negatively correlated with the serum TBARS. The multiple regression analysis also, clearly demonstrated a significant predictable dependence of serum TBARS on plasma SOD, but ruled out any such dependence of serum TBARS on the serum zinc.
Thus, all results in the present study, when taken together suggested that it was the plasma SOD activity, but not the serum zinc level, which could be a good predictor for the development of senile cataract due to systemic redox imbalance and increased oxidative stress. However, the present study dealt mainly with the concerned parameters in the plasma or serum in a limited number of patients available in the hospital during a period of one year. More detailed studies involving a larger population section in the community including several environmental factors like their nutritional behavior, intake of alcohol and exposure to other pollutants etc. along with quantification of the changes mentioned above at the tissue level are required for a more direct and accurate analysis in future.
